INTRODUCTION
The aim was to reconstruct the emergence of Turku area and local vegetational changes since medieval times and to investigate the history of the area from a natural landscape to the presentday urban landscape. As well as by climate and human activity, the landscape around the estuary of the River Aura has been dramatically influenced by shore displacement, the current rate of which is c. 5 mm yr~'. This development was investigated by means of diatom analysis by Grönlund (T.G.), whilst the vegetational changes were reconstructed by means of pollen analysis by Vuorela (I.V.) and plant macrofossil analysis by Lempiäinen (T.L.) . In addition, the surface material of a grindstone found during the excavations was studied by means of phytolith analysis by Vuorela. All the results from diatom analysis on three cores, pollen analysis on seven cores and plant macrofossil analysis on six soil profiles inside the excavation area ( Fig. 2) were reported in detail by Vuorela et al. 1996 .
Since the flora in all cores studyed has similar information, in this paper, one representative core will be presented for each method. The diatom data on the most extensice Core A (site VII/50 in Vuorela et al. 1996) are described. Core B (site IV/41 in Vuorela et al. 1996) was studied for pollen records. Even though the interpretation of plant macrofossils is based on all six cores analysed, the emphasis is on Core C (site 1/2 in Vuorela et al 1996; Fig. 2) . Since the pollen and macrofossil taxa were very similar in all the cores investigated, a list comparing and summarizing the pollen and macrofossil taxa is also given. The Rettig quarter lies only 0.5 km south of the former Lake Mätäjärvi (Fig. 1 ) the bottom deposits of which date to the 12th-18th centuries AD and were investigated in an interdisciplinary project in the mid-1980s (Lempiäinen 1985 , Vuorela 1985 , Lempiäinen et al. 1986 , Niemi 1989 , Salonen et ai. 1989 , Vuorisalo & Virtanen 1989 . These investigations, together with the present Rettig material, shed light on the palaeoecology of the medieval town of Turku.
GEOLOGICAL BACKGROUND OF THE STUDY AREA
The Turku area was deglaciated about 10 900 radiocarbon years ago (Glücken 1976 , 1977 , Ignatius et al. 1980 . The waters of the Baltic Yoldia Sea, which was then connected to the Atlantic via the Närke Strait in southern central Sweden, inundated the newly emerged land (Alhonen 1979) . The rate of land uplift was at its maximum just after the retreat of the ice. During the process of emergence, the areas were gradually transformed from open sea to archipelago and to unbroken land (Fig. 3) .
The level of the Yoldia Sea was located more than 100 m higher than present sea level. The water was brackish marine or brackish mixed with glacier freshwater. Uplift was fast during the Yoldia Sea stage in Finland and Sweden, and the connection between the Baltic basin and the ocean became closed. The next event in the history of the Baltic basin was a freshwater a s.l. stage, called the Ancylus Lake (9500-8500 B.P.). This lake was characterized by a (clear water) diatom flora indicating a large alkaline freshwater basin. The oldest shorelines (about 80 m a.s.l.) in the Turku area were formed during the Ancylus Lake stage (Glücken 1976) . The transgressive Ancylus Lake burst through the straits of Denmark, and with the formation of a new connection with the Atlantic the next stage, the Litorina Sea, was formed (7800-8000 B.P.) in the Baltic basin. This sea was larger and more saline than the Baltic Sea has since been. The highest shoreline in the Turku area during the Litorina Sea stage was at c. 50 m a.s.l. (Glücken 1976) . The Litorina Sea changed into the present-day brackish and smaller Baltic Sea without any clear ecological turning point.
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MATERIAL AND METHODS
Samples were taken in 1994-1995 at the archaeological excavation site of the Rettig "Palace" in the centre of the town of Turku, southwestern Finland (60°27'N, 22°16'E; topographical map No. 1043 12, x = 6704 96, y 1570 26; Fig. 1 ).
The general stratigraphy of the site is clay (variably up to 5.30 m a.s.l. in core A) overlain by some 15 cm of terrestrial mineral soil in which the cultural layer is developed (Fig. 2) . The cultural layer is genetically very variable, containing irregular strata rich in charcoal, mortar and/or brick fragments alternately with humus rich material. The "dirty" grey clay deposited between the clay and the humic shore deposits of pre-urban days may have been affected by wave action and other natural forces during approximately the first centuries AD. It is also possible that the cultural layer was partly removed in the course of building in medieval time. For precise stratigraphy of the cores B and C see also Fig. 4 .
Like most urban cultural layers, the stratigraphy of the profiles varies horisontally and vertically, being in Core A clay at 3.10-5.30 m a.s.l. and "dirty" clay (terrestric mineral soil) at 5.30-5.45 m a.s.l.
The material was prepared for pollen analysis using KOH and cold HF methods (Faegri & I versen 1989) on 5 cm"" 3 samples. Coarse material was removed by sieving. For the determination of pollen concentration values, recent Lycopodium spores were added (Stockmarr 1971) . The pollen data were divided into groups as follows: deciduous trees, conifers, broad-leaved trees, shrubs (Fig.  11 ), aquatics and shore meadow vegetation, natural mineral soil vegetation (Fig. 12) , open forest herbs and settlement indicators (Fig. 13) .
The method described by Battarbee (1979) was used for diatom and phytolith analyses. The siliceous fossils were fixed with hyrax.
Pollen and macrofossil analyses were made on the same cores. The volume of subsamples for plant macrofossil analysis ranged from 0.5 to 1 1. The material was floated in a saturated NaCl solution with an H z O:NaCl ratio of 3:1. The plant remains were picked up using a stereomicroscope (WILD M5). Remains were stored in 50% alchohol.
Pollen grains were identified mainly on the basis of the work of Erdtman et cd. (1961) and Moore et al. (1991) and the plant nomenclature is that used by Hämet-Ahti et al. (1986) . For identification of diatoms the publications of Mölder & Tynni (1967 -1973 , Tynni (1975 Tynni ( -1980 and Krammer & Lange-Bertalot (1986 were used. Some taxa were later transferred to the new genera described by Round et al. (1990) . New names are given together with the old ones in the text. Plant macroremains were identified on the basis of studies of Beijerinck (1947) , Körber-Grohne (1967) and Behre (1976 Behre ( , 1983 Behre ( , 1991 . Macrofossil data from the Turku area published earlier by Lempiäinen (1985 Lempiäinen ( , 1988 Lempiäinen ( , 1989 Lempiäinen ( , 1995a , Valo (1993) and Aalto (1994) were also referred to. Phytoliths were determined according to the morphotypes described by Powers et al. (1988) .
RESULTS

Diatom stratigraphy
The most important results from Core A are given as diagrams . The most common diatoms (more than 2% of the total diatom sum) are shown in Fig. 5 . The list of diatoms noted from the Rettig site is presented in Vuorela et al. (1996) . The diatoms were classified as marinebrackish and freshwater species, and the latter group further as freshwater large lake species and ordinary freshwater species (Fig. 6 ). Depending on the habitat of the diatoms, they were divided into plankton, lagoonal, littoral and aerophilous species (Fig. 7) . The diatom succession was divided into three zones (I-HI). Zone I (3.15^4.30 m a.s.1.) contains sediments deposited in the Baltic Litorina Sea. Diatom species typical of the littoral areas of the Litorina Sea dominate (Eronen 1974 , Ignatius & Tynni 1974 , Miller & Robertsson 1979 (Florin 1946 , Eronen 1974 . Some freshwater diatoms were also found. The most characteristic species was Epithemia turgida var. westermannii (Ehrenberg) Grunow, which was also interpreted as a halophilous taxon. It is common in littoral sediments of the Litorina Sea (e.g. Miller & Robertsson 1979) .
Ebria tripartita (Schumann) Lemmermann, of the order Ebriales, was found occasionally, together with some silicoflagellates such as Distephanus speculum (Ehrenberg) Haeckel and var. septenarius (Ehrenberg) Joergensen, which are also marine plankton algae.
Zone n is composed of clay at the 4.30-5.30 m a.s.1. The diatom assemblage differs clearly from that in Zone I, although diatoms indicating saline and brackish water are present, freshwater diatoms dominate. Aulacoseira islandica (Müller) Simonsen is the most common. It belongs to a diatom flora of the Ancylus Lake which includes Coc- Smith. Ellerbeckia arenaria was also found. It belongs to the flora of the Ancylus Lake but is also aerophilous in biotype, thriving especially on sandy shores. Aerophilous diatoms indicate low moisture environment.
Conclusions drawn from the diatom stratigraphy
The clay bed at the Rettig site can be divided into two stratigraphical units based on their diatom assemblages. The formation of these two units can be attributed to crustal uplift. The species found in the lower unit, dominated by Litorina diatoms, have been typically deposited in a shallow water environment in a sheltered archipelago. In the upper unit, made up of terrestrial sediments, Litorina diatoms are in minority while the dominant species have clearly been redeposited from old Ancylus Lake sediments that had formed about 9000 years ago. Due to land uplift, these sediments were later exposed to aerial erosion.
The upper humic part of the core, Unit 3, indicates a supra-aquatic environment just after the emergence of the new land, which was kept wet by sporadic floods and waves. Only aerophilous diatoms could grow under such conditions.
Pollen analysis
Local pollen taphonomy
In addition to the pollen produced by local vegetation, lots of non-anthropogenic pollen from the catchment was brought in by floods of the River Aura. Palaeoecologically, however, the most important pollen taxa, the settlement indicators, mainly represent the riverside habitation closely connected with the history of Turku. Such mixing is therefore not misleading in the interpretation of the results. On one hand, it is clear that large quantities of pollen grains were washed into the river, along with mineral soils and on the other hand, pollen content was partly affected by rainwater flowing from the adjacent hill of Vartiovuori (Fig. 1) . The overall effect is probably to underestimate the cultural indicators and to overestimate the forest. During the last few centuries, local human activity has modified the landscape and vegetation in various ways. The stone-paved narrow streets between the buildings have acted as tunnels along which the pollen has been trasported by wind. Rainwater streams have used the same routes. Pollen contamination has also taken place through material brought into the town by the inhabitants and their domestic animals. Such sources of pollen have included crops, roofing, fodder, bedding, wild food and dung (Clapman & Scaife 1988) .
Oxidation and drying of soil layers have been important taphonomic processes which lead to pollen corrosion, as do frost and human activity at urban sites (cf. Vuorela 1991, fig. 2 ). Even though minor contamination of the mineral soil can seldom be confirmed, the material used as infill in the building process is clearly distinguishable due to its more or less total lack of pollen grains. Other palaeoecological methods such as macrofossil analysis may produce useful information on such material.
Pollen concentration
The relative pollen concentration values of Core B are presented on a logarithmic scale (Fig. 9) giving numbers of pollen grains on each cover slide (5.7 cm 2 ). Even this imprecise scale shows great variation, making it easy to draw the boundary between the well-preserved, more humic lower part and the dryer upper part with corroded pollen grains at 5.30 m a.s.l. At the intervals 5.36-5.41 m, 5.61-5.66 m and 5.81-5.91 m, there was no pollen noted.
The same division of profile B is also evident in the AP/NAP ratio (Fig. 10) , which clearly reflects the local increase in human impact. In the bottommost subsample, AP accounts for 87% of total pollen but decreases steadily to 14% at the 5.21 m level, which already represents urban settlement. Later, the herb pollen frequencies reach 100% at several levels. This development, together with the pollen taxa, is similar to that noted in material from Lake Mätäjärvi (Vuorela 1985) , less than 1 km from the Rettig site (Fig.  1) , and interpreted as indicating forested meadows which preceded urban environments.
Relative pollen frequencies
In the lower half of the core (Fig. 11 ) relative pollen frequencies of conifers dominate. Pinus remains steady at c. 65% AP whereas the pollen frequencies of deciduous trees are more evenly divided between Betula (20-50%), Alnus (5-15%) and broadleaved deciduous trees (1-18%). The relatively high frequencies of the last-mentioned group, dominated first by Corylus, then by Tilia, evidently reflect local grazing on forested meadows and can thus be correlated with the Mätäjärvi material. Such activity seems to have taken place over a broader area on the banks of the River Aura during the period preceding urban habitation, an interpretation that is supported by the regular occurrence of Juniperus pollen grains at this level. Pollen grains of Hippophae at the 5.01 m level serve as important evidence of the former distribution of this shrub, which nowadays grows only on the west coast of Finland from latitude 60°40' northwards and in the Aland Islands (Hultén 1971 ) and indicates specific coastal conditions.
From the 5.31 m level upwards no pollen of broadleaved trees were found in Core B. Instead, the pollen frequencies of Alnus, Populus and Picea fluctuated strongly. Since the decrease in QM species is on a minor scale in most cores (e.g. Core 1/2; Vuorela et al. 1996) these changes most probably reflect intense local human activity. The results from the 5.41 m level upwards are, however, based on relatively low pollen concentration values (cf. Fig. 9 ) and thus are only partly comparable with those from the lower part of the profile.
Among aquatics (Fig. 12) , only Nymphaea is represented in Core B, although Isoetes lacustris, Potamogeton and Sparganium are also present in the local pollen flora (cf. Sonchus arvensis (see Table 3 ). Other features in common with the investigations referred to are the relatively high pollen frequencies of Chenopodiaceae, Polygonum aviculare and Centaurea cyanus, the last in no relation to the Secale frequencies. Among other settlement indicators, Urtica, Spergula arvensis, Rumex, Epilobium, Polygonum viviparum and P. lapathifolium (Fig. 14:G) , Plantago major, Cirsium type and Lamiaceae were recorded, mainly in the upper part of the more or less naturally deposited lower half of the profile. Calystegia sepium most probably grew under the local shrubs. It should be stressed that the above pollen types were almost equally present in all seven profiles investigated in the Rettig area (cf. Table 3 ).
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Macrofossils
It is a rule rather than an exception that macrofossil plant remains stay where the plant once grew. That is why they provide such important evidence of the local vegetation of former settlement sites. They are particularly useful as remains of plants used by man, cereals and settlement weeds. Macrofossil plant remains, especially soft plant cells, are very sensitive to corrosion, oxidation and decomposition. Not all plants used by man are represented in the lists because many of them, for instance, many cabbage species and spice plants, are harvested before they produce seeds. This is one of the reasons why we cannot get complete plant lists for the cores investigated. The interpretation of the natural macrofossil flora was based on the same factor as that of the pollen flora; the ecological requirements of the plants identified are largely known.
It is most important to identify cereals at species and subspecies levels. For that we need to compare them with macrofossils of old cereal species, forms and types.
The Rettig quarter was densely inhabited during the Middle Ages. It was part of the medieval centre of Turku (Ranta 1975) , from where streets and main roads ran out into the countryside. In those days, people used to throw their rubbish into the streets or courtyards and refuse heaps were often formed. Plant remains accumulated in these heaps, in wells and ditches, on floors, around fireplaces, and also in manure. In the latter, the remains have been well preserved due to the mechanical shelter and favourable moisture conditions.
In this context only Core C will be presented (Fig. 2, Table 1 ) but the macrofossil results of all six profiles, together with the 33 samples analysed separately (Lempiäinen 1995a) , are also referred to (Table 3 ). The total number of plant macrofossils found from the six profiles investigated by means of pollen and macrofossil analysis was 5563, 508 of them from Core B. Altogether 9986 macrofossils have been identified (Lempiäinen 1995b , Vuorela et al. 1996 . Table 2 lists all macrofossil finds of cultivated/-alien origin species in the Rettig area.
Macrofossil results
Plants used by man
The total number of plant remains of cultivated/alien plants was 443. It is c. 4.4% of the total amount of plant macroremains found in the Rettig area. (Lempiäinen 1995a) . Eighty-one small nuts of Humulus lupulus (Fig. 14:B) were found. Hop is one of the most common macrofossil species dated to the Middle Ages in Turku (Lempiäinen 1985 , 1988 , 1995a , Aalto 1994 . It was an important spice plant for beer and was cultivated by law in Finland at that time. Churchtithes also had to be paid in the form of hops (Suominen 1982) .
Another spice used for beer was Myrica gale, and its seeds, too, were found in the Rettig area. As a native plant in the flora of Finland, it was collected from shores and marshes in southern Finland but is not known to have been cultivated. Leaves, seeds and also other parts of Myrica were used. Its toxicity in beer was not discovered until the 18th century. Drinking too much Myrica beer was a cause of death, and the use of the plant was prohibited (Vasari 1965 , Behre 1984 .
Important fibre plants in the Middle Ages were
Cannabis sativa and Linum usitatissimum, both of which were found as macrofossils in the medieval layers of the Rettig site. Hemp was still an important cultivated fibre plant in Finland at the beginning of the 20th century (Linkola 1916) . It was used for making coarse clothes and especially for sails, ropes and fishing tools which were important in Turku, Finland's main port (T. Vuorela 1975 , Lempiäinen 1995a ). Macrofossils of flax have been found in several medieval contexts in Turku (e.g. Lempiäinen 1985 , 1995a ,b, Valo 1993 , Aalto 1994 Corylus avellana (Fig. 14:C) . They are native to southwestern Finland and common in the vicinity of Turku. Juniperus, for instance, is known to have been used as a medicine plant and as a disinfectant during plague epidemics, when its branches were burnt inside houses. It also served as a spice for beer (Erkamo 1944 , Nikula & Nikula 1987 . A small piece of rope made of the cambium layer of Tilia cordata was also found. The fragments of Tilia nut shells were very common in all medieval layers of Rettig. Pieces of nuts were picked up from the soil at the time of excavation; whole nuts were rare. Nuts were used as a food or for making oil. They were also economically important in Finland (Suominen 1965 ).
Remains of other native plants that are thought to have been used by man (Tillandz 1673 , 1683 , Lönnrot 1838 , 1860 (Hjelmqvist 1963) . Figure 15 shows the inferred original habitats and numbers of macrofossil plant species found at the Rettig site (Lempiäinen 1995b , Vuorela et al. 1996 classified according to Ellenberg (1979) , Linkola (1916) and Hämet-Ahti et al. (1986) . The most frequent plants derive from cultural habitats (settlement weeds) and shores or wetlands (together accounting for 20.4% of total). Equal proportions of plants, 16.4%, grew in fields and meadows. The nearest pastures were located on the banks of the river Aura and the shores of Lake Mätäjärvi. They were habitats of plants such as Carex sp., Eleocharis palustris, Juncus sp., Phragmites australis, Filipendula ulmaria, Ranunculus flammula, Scirpus sylvaticus and Solanum dulcamara, all of which were found in the macrofossil material. A representative of sea-shore plants was Aster tripolium. The remains of plant species of woods, marshes, groves and waters were all equally represented. The following plants come from moist or wet habitats: Lychnis flos-cuculi, Alisma plantago-aquatica and Caltha palustris, Callitriche sp., Elatine sp., Potamogeton sp., Sparganum sp., and Batrachium. Plants growing on rocks, cliffs and dry hillsides were fairly common as the rock of Vartiovuori is in the immediate vicinity of the site.
Natural vegetation
COMPARISON OF MACROFOSSIL AND POLLEN DATA
In Table 3 the macrofossil and pollen taxa identified from all the Rettig samples are placed side by side. Most of the anthropogenic macrofossil species can be identified at species level, whilst the pollen types are often identified at family level. Of the 72 pollen taxa identified, 57 have a corresponding taxon among the macrofossils. Mainly due to the well represented large families such as Caryophyllaceae, 124 plant macrofossil taxa have corresponding pollen taxa. Anthropogenic plants reflecting the local vegetation of the site are best represented in the mutual pollen and macrofossil data. Most of the macrofossil plant species found belong to the families Caryophyllaceae, Ranunculaceae, Rosaceae, Lamiaceae, Asteraceae, Cichoriaceae, Cyperaceae and Poaceae. 
CONCLUDING REMARKS
The cultural layer and the underlying clay deposits beneath act as an archive of major historical value. The diatom flora reflect the development of the coastal landscape from open sea through archipelago to the mainland of today. Pollen and plant macrofossils record the changes in vegetation during the transformation from a natural landscape to a cultural landscape and finally to an urban settlement. They also provide insight into the plants used for food, medicine and fibres in the medieval town of Turku. The phytoliths found and described from the surface of a grindstone at the Rettig site add to the fossil data currently available on pollen and plant macrofossils.
